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Subject: Sand Equivalent Test

To the District Engineers
of the Division of Highways

The Sand Equivalent Test, to control the quality of aggregates
for pltuminous mix and untreated bases, is being proposed for in-
clusion in our revised Standard Specifications and is currently
appearing in the Special Provisions for many contracts.

) .I§ appears that a more detailed explanation of the scope and
significance of this test is now in order,

Primary Purpose

The speed of construction work has been steadily increasing
for many years. The size of contractors units and the amount of
hauling equipment means that materials for bases, subbases and for
bituminous surfaces are being produced and moved to the road at a
tremendous rate compared to earlier years. Most gravel pits or
quarry sites contain varying amounts of fine materials which may
also vary in type from fine sand to clay and very often these mate-
rials are not uniformly distributed. An excess of clay is usually
detrimental to the performance of any aggregate whether for gravel
base, bituminous mixture or Portland cement concrete. It is,
therefore, important that the engineer be in a position to guickly
detect the presence of undesirable quantities of adverse clay-like
materials and the need has long existed for some quick method of
test which could be employed in the field by the engineer or in-
spector in charge of construction,

Basic Factors

All pavements, bases, subbases and the underlying basement
soils have one thing in common. All are composed of rock frag-
ments which range in size from colloidal particles less than one
micron in diameter up through the sand sizes to and including
coarse stone. Basically, these materials derive from the fractur-
ing and breaking up of various tvpes of stone; therefore, we are
concerned with the properties and mass relationships of rock parti-
cles. Within rather narrow 1imits there is not much difference in
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the capacity of uncerented granular materials to sustain loads. In
other words, while there are differences between clean sands, gravel
or crushed stone, all of these materials have been found adeguate
for constructing bases or subbases for highwavy paverents, and sand,
gravel or crushed stone particles are used in combination with
cementing agents such as asphalt or Portland cement to form pave-
ments. It is also true that granular materials may be "cerented
together" by natural binders such as clay or rock dust.

It is a matter of cormcen knowledge among highway engineers that
an excessive amount of asphalt in an otherwise normal mixture of
sand and gravel will cause inatabilitv because the asphalt is a
lubricant and provides mobility or plasticity to the mass. The
same observation can be made concerning the effects of clay. It
mav be noted, however, that when corpared on the basis of weight,
less asphalt will be required to produce instability than is the
case with eclav. For exarple, a dense sraded ageregate will usually
be unstatle with 7% of asphalt by weight while over 10% of plastic
clav soil might be required to produce the came effect. This dif-
ference exists, however, only in the weight relationships as the
volume of asphalt corresponding to 7% of the dry weight of the
aggregate is about ecual to the bulk volume of wet clay coerrespond-
ing to 11% by weight of the total aggregate. Tt should then be
apparent that 1ubrication does not become serious until a certain
volume of lubricant has been introduced, and, to carry the analogy
further, if the agererate were mixed with a vlastic material such
as red lead paint, instability would also be produced but in this
case it would require avproxirately 23% by weight although the
volume relationships would still rerain about the same. It should
not be necessarv to dwell upon this relationship unduly but the
conclusion is inescapable that the fundamental relationship in all
desisn of asgregate mixtures whether for concrete, bituminous pave-
ments, or gravel bases rests upol the relative volumes of each
ingredient and not upon weight percentases. This fact is often

overlooked,

The control of bituminous mixtures is simplified by the fact
that paving asphalts do not vary widely in specific gravity but
the clay minerals do vary in weight, and to j1lustrate the wide
range of volume which can exist with the same weight of dry
material, Figure 1 is included wherein a series of glass egraduates
are shown, each containing 100 grams of drv mineral powder or rock
dust of the types often referred tc as '"filler dust" when used in
asphaltic mixtures. Tt should be readily apparent to any engineer
that a sieve analvsis of mineral aggregates expressed as the weight
percentages of each size deces not necessarily give a true picture
of the relative volume or massS of material represented by the size
groups. As a further illustration, Figure 2 shows a series of
mineral aggregates of much coarser gradation, each representlng
an acgregate of different specific gravity and again illustrating
that the total volume of material represented bv a pound or a ton
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mav varv widely. However there are still rore variables and it 1is
even mrore important to realire that while it is troublesome to rain-
tain proper proportions betweer aggrerates and binders that verv in
unit weirht, the problem beccores more corplex when the mineral .
agrregates consist of several tvpes of stone particles each having
a different specific gravity. Figure 3 illustrates some of the

. contrast which may occur between mineral arpregates which are made
up of identical eradations when expressed bv weieht but it will be
observed that the volume proportions are vastly different, Treoukle-
some as these variations can be it is nevertheless rossible to
determine the specific sravity of each size group and bv calculation
arrive at the true volume relationship. This is routine procedure
in concrete mix desisn, but is usuzlly overlocked in other cases.

However, there is another factor involved when water is
introduced into soils or untreated base materials. In these cases,
certain clays mav expand considerablyv and the effective volume of
wet lubricating clay mav be greatiy increased or augmented. This
condition is most marked in the mortmorillonite class of clavs of
which bentonite is a well-known examnple. {Other clay tvpes may
expand but to a lesser degree). In any event, an estimate of the
amount of clay may be very misleading when based upon sieve analysis,
hydrometer analvsis, or upon any other means which leads to an éX-
pression in terms of weight percentages.

Figure L shows two graduates, each containing an amount of
sand and clay which, when thoroughly mixed with water, produced an
q.value of 60. (Without the clay this sand has an R-value of 80).
Tt will be noted that the amount of sand is the same 1n each case
but graduate (a) contains only 5% of bentonite where graduate (b)
contains 21% of kaolinite by weight., In the weight proportions
shown, these materials have an eaual effect in reducing stability
or increasing the plasticity of the entire mass and therefore
bentonite ig a much more effective lubricant and consequently can
be far more troublesome than raolinite for example. The wide
spread use of weight batching or provortioning devices and also
the use of scales or balances in laboratorv analyses have tended
to obscure the important relaticonships that depend upon relative

volume,

The Sand Equivalent Method

The Sand Equivalent Procsdure was developed in order to
evaluate the effective volume of clay that exists in each soile.

) In order to permit a rapid test procedure bv avoiding time con-
suming welghings and drving out operations, the test is performed
on a sample of soil passing a #, sieve measured by loose volume.
The relationship between the nuantitv of clay present and the

amount of coarser sand particles 1in the soil is developed on a

volume basis and the test irdicates whether the volume.of "saﬂd"
in the soil is high or low - hence, the namre n3and Equivalent®.
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Essentially the test is performed by shaking vigorously in a
transparent cvlinder a sample of the fine arseregate and noting the
relative volumes of sand and clay in suspension after standing for
20 minutes. The entire overation can be carried through in less
than LO minutes. In order to speed up the sedimentation of the fine
clays or colloidal particles a flocculating arent was required and

- a solution of calcium chloride was selected on account of its
relativelvy low cost, stability and non-irr-‘tating properties. As
illustrated in Figure 4, a small amount of bentorite is in lubri-
cating effect equal to a ruch greater weirht of kaolinite and the
strength of the CaClz sclution was adjusted to the point where
5% of bentonite would give an S5.E, reading approximately eoual to
that produced by 25% of kaolinite after a sedimentation period of
20 minutes. This relationship apveared to be best established by
using a .025N CaClp solution. However, the strencth of the solutiocn
is not critical for most natural soils therefore, a working solution
of 05N has been adopted and will be used until accumulated expe-~
rience may warrant a chanege. After some experience with the calcium
chloride solution, it was found that the addition of a small amount
of glycerin oroduced a stabilizing effect and test results were more
readily reproducible when made on carefully cuartered sarples.
Finally, it was noted that the calcium-chloride-glycerin solution
was not sterile and certain moulds tended to grow. In order to
sterilize the solution, formaldehyde was added.

Numerous attempts have been made in district laboratories to
establish a "correlation' between results of the Sand Equivalent
Test and the evaluation of a soil obtained by other test procedures.
The fact that such attempts have not been completely satisfactory
does not necessarily mean that the sand eauivalent vales are

unreliable or meaningless.

Comparison with Other Tests

Plasticitv Index

The Plasticity Index or P.l. value has long been used to
indicate the range in moisture content over which soils are "in a
plastic state'. The degree of plasticity is not indicated by the
test and the material used in the standard vrocedure is obtained
by dry sieving and collecting the material which will pass a
No., LO sieve., If colloldal clavs are present, these are very
likely to exist as a coatineg on all the coarser particles and can
only be removed by washing invelving a vigorous.scrubblng action.
The Sand Equivalent Test discloses all of the clay co?tglned in
the sample and may often indicate a more adverse condition than
would be inferred from the P.I. determination.

Comparison with the C.B.R,

The fact that the C.B.R. test is known to have & poor corre-
lation with performance of manv base mate?ials meansuthat any
disagreement with the 8.E. determination 1s not particularly .
significant. For example, a clean sand of 30 C.B., Ro could easily

have an S.E. of 90,
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Correlation with the R-Value

When the Sand Equivalent Test was first developed, 1t was
hoped that it would furnish a good indication of the over-all
resistance value of the soil. A correlation does exist but 1t
is not sharply defined throughout the scale. The reasons there-
for are not difficult to understand if it is recognized that the
abllity of a mass of soil or granular material passing a No. 4
sieve to resist deformation will depend upon the following factors.

Summary of Factors Affecting Resistance Valus of Soil

1. The amount of lwpriszarnt mixed with the sand
fraction; i.s., asphalt, clay+water, etc.

2., The effectiveness or efficiency of the
lubricating fractiomn. (Wet bentonite is a
better lubricant than kaoiinite, for example.)

3. The degree of roughness or irregularity of
the zand grains or rock particles.

Y. The amount of void space in the sand fraction
of the soil.

5, The amount of interminglaed coarss rock
retainsd on a No. 4 sieve,

We readily perceive that of these five variablss the Sand
Equivalent determimation is primarily an indication of No. 1.
It attempts to compensate for No. 2 by means of the type of
solution used. It camnot indlcate the variation caused by Item 3,
and as pregently performed does not make allowance for No. h
although it seems possible that means for making this correction
may be worked out. Allowance for the effects of No. 5 need to be
made if the coarse aggrsgate excseeds 25 or 30 percent of the total.
Therefore, in order to evaluale the combined sffect of all factors
some test such as the Stabilometer is necesgary., However, €X-
perience has shown that one of the principal variables 1s the
amount of ¢lay present and it wmay readily be determined that when
the Sand Eguivaisnt valus i@ greaber than 30 the clay fraction is
not sufficiently large to have mich influence on the resistance
value of an untreated zoil.

ApplicationrQgngeagiEive_SGEO Limits

Bituminous Mixturss

Very small amounts of clay may be datrimental to the perform-
ance of bituminous mixtures, eapecially when the clay exists as a
coatbing on the surfaces of the sand grains. AsS the #and Egqulva-
lent determination furnishes & ready means for detecting the
presence of such fine materizls, a tentative scale of values has
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been set up to permit rapid testing and gquick determination in
the field. For the highest type of bituminous paving mixtures
corresponding to asphaltic concrete, an S. E. value of 60 has
been established., This requirement is readily met by the

ma jority of commercisl plants in the state even when &% of
commercia% {iller has been added. 4 value of 50 is proposed for
the Type "B" Plant-Mix thus providing slightly greater tolerance.

Untreated Bases

For untreated rock bases wpon which the performance of
bituminous pavements are completely dependent, an 5, E. value of
not less than 30 ia proposed.

. Basement Soils

In comparing the Sand Equivalent teo other test values, a
heretofore unsuspected relationship was found indicating that
the majority of materials showing high sxpansion values may be
identified by means of the 3and Equivalent. Therefors, it would
be possible to insure the placing of only the better material
within 24" of profile grade by placing in the bottom of £ills any
soll having a Sand Equivalent less than 10. This would have the
same sffect as the prezent reguiremsnt - {Standard Specifications,
Section 12, Chapter Vv, (a), last paragraph.} It has been the
general practice to avoid placing in the upper 2 feet of the road-
bed any mzitsrisl showing an sxpansion greatsr than 5%, and an 3.E.
value of 10 or less will identify ths same gemeral class of solls,

Concrete Aggregates

A recent sexamination of concrete sands indicates that a
large majority of commercisl conzrete sands will pass a Band
Equivalent minimum of 80 or 8. There appsars Lo be no reason
why the 8. E. test proszedurs cannot be used to control the amount
of clay in fine aggregaie for Portland cement concrete. The
vigorous shaking action will remove ordimary clay coatings on the
sand particles.

Conclusion

Tt ecannot be too strongly smphasized that guccessful con-
struction and the ultimate performance ol any pavement rests com-
pletely upon the care and diligence of the resident engineer and
his assistante who ars in direct charze of the work. No amount
of preliminary materials exploration nor of sontrol testing in
District or Headgquarters Ilaboratoriss cal guard against the
introduction of excess amounts of clay either in the base materials
or in aggregate for bituminous paving mixtures and it is essential
thet the resident engineer and his sasistants be provided with some
means of rapid determinstion and warning of the presence of such
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materials, The fact that succeszive tests on a deposit may indi-
cate a range of values does not necessarily prove that the test
procedure is erratic or irreproducible. It is much more likely
to mean that the materials in the deposit are variable. The
existence of localized or spot failures on many roads is ample
evidence that this non-uniformity or variability of pit run
materials is the rule rather than the exception.

It must also be recognized that complete correlation rarely
exists between the reaults of any two different tests., If such
a correlation does exist then only one of the two tests should
be retained, Hegardless of R-evaluss, P.I. limitations or any
other requirement, experisrnce has zhown that more trouble results
from too much clay or "mud" than from any other cause and it 13
the purpoze of the Sand Equivalent test to prevent the inclusion
of undesirable amounts of clay without the knowledge of the

Engineer in charge.

In order to be effective, specifications must contain re-
quirements indicating the course of action to be followed when
the materials do not comply with the specification requirements.
The only remedies for this particular problem are dilution with
clean granular material, production of aggregate by crushing
from oversize or by washing.

A detailed description of ths Sand Eguivalent test procedure
is available for those who expect to perform the test.

A

N. HVEEM
Materials & Research Englineer
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